we analyzed age-diameter relationships, mean passage time through 5-cm diameter classes, growth 21 change patterns, growth ratios, clustering of mean diameter increment (MDI), and dated the year 22 of death from each individual using radiocarbon ( 14 C) analysis. Growth and mortality patterns were 23 then related to climatic or anthropogenic disturbances. Our results show similar structural 24 parameters for both studied populations regarding the estimated maximum ages of 466 years (JNP) 25 and 498 years (USDR) and MDI, except for one single tree at the USDR with an estimated age of 26 820 yrs. Living trees from JNP showed distinctly altered growth after 1975, probably related to 27 consecutive years of high annual minimum water levels. Tree mortality in the JNP occurred during 28 different periods, probably induced by extreme hydroclimatic events. At the USDR changes in 29 growth and mortality patterns occurred after 1983, when the Balbina dam construction started. 30
12
The long-living tree species Eschweilera tenuifolia (O. Berg) Miers (Lecythidaceae) is 13 characteristic to oligotrophic floodplain forests (igapó) influenced by a regular and predictable 14 flood-pulse. This species preferentially occurs at macrohabitats flooded up to 10 months per year 15 forming monodominant stands. We aimed to analyze the growth and mortality patterns of this 16 species under pristine conditions (Jaú National Park-JNP) and in an impacted igapó (Uatumã 17
Sustainable Development Reserve-USDR) where the downstream flood-pulse disturbance 18 occasioned by the Balbina hydroelectric plant caused massive mortality of this species. Using a 19 total of 91 trees (62 living and 29 dead) at the USDR and 52 (31 living and 21 dead) from JNP, 20 we analyzed age-diameter relationships, mean passage time through 5-cm diameter classes, growth 21 change patterns, growth ratios, clustering of mean diameter increment (MDI), and dated the year 22 of death from each individual using radiocarbon ( 14 C) analysis. Growth and mortality patterns were 23 then related to climatic or anthropogenic disturbances. Our results show similar structural 24 parameters for both studied populations regarding the estimated maximum ages of 466 years (JNP) 25 and 498 years (USDR) and MDI, except for one single tree at the USDR with an estimated age of 26 820 yrs. Living trees from JNP showed distinctly altered growth after 1975, probably related to 27 consecutive years of high annual minimum water levels. Tree mortality in the JNP occurred during 28 different periods, probably induced by extreme hydroclimatic events. At the USDR changes in 29 growth and mortality patterns occurred after 1983, when the Balbina dam construction started. 30 Despite being one of the best flood-adapted tree species, E. tenuifolia seems to be sensitive to both, 31 long-lasting dry and wet periods induced by climatic or anthropogenic disturbances or resulting 32 synergies among both. Even more than 30 years after the start of disturbances at the USDR, the 33 flood-pulse alteration continues affecting both mortality and growth of this species which can 34 potentially cause regional extinction. white-water rivers originating from the Andes (Furch, 1997; Prance, 1980; Sioli, 1984) . Both A total of 93 living trees (31 at JNP and 62 at USDR) were sampled in igapós along the 7 Jaú and Uatumã rivers, respectively, with diameters at breast height (DBH) varying from 10 to 8 120 cm (except for one individual with 175 cm at USDR) to consider possible ontogenetic effects 9 on tree growth (Bowman, Brienen, Gloor, Phillips, & Prior, 2013) . At least two cores were sampled 10 from each tree using an increment borer of 5 mm internal diameter (except for additional stem 11 discs from two trees of the USDR). From smaller individuals with no hollows, we sampled the 12 entire radius which included the pith, while from larger trees with hollows we collected samples 13 from the intact part of the trunk. Additionally, we sampled cross sections from 21 dead trees in 14 1
Dendroecological analyses: Diameter growth models and age estimates of hollow trees 2 3
Tree rings were measured to calculate the mean annual diameter increment (MDI) per core 4 and individual (average from two or more cores). Average and standard deviation of MDI, DBH, 5
and age for each area were calculated to observe the differences between the same species growing 6 in natural (JNP) and disturbed (USDR) environments. While DBH and MDI were obtained directly 7 from the measured samples, the age had to be estimated for several individuals presenting hollow 8 trunks. Therefore, we produced a preliminary age-DBH relationship by cumulative diameter 9 growth curves based on the ring-width measurements from samples which presented the pith at 10 least on one core. These ring-widths were fitted to the measured DBH in the field by adjusting the 11 measured length of the core to the DBH, proportionally increasing or decreasing the measured ring 12 widths by the ratio obtained dividing the half of the DBH (radius) by the length of the measured 13 core from pith to bark. To account for bark thickness, we obtained this value from cores and cross 14 sections including bark which was then related to the DBH of these individuals. As no significant 15 relationship was observed we used the average bark thickness of 2.35 cm (±1. Where DBH is the cumulative diameter for the given year, age the respective age at the 23 given year and a, b, and c are the model parameters. 24 The diameter of the hollow trunk fraction was estimated, subtracting the average length of 25 the analyzed cores (transformed into diameter) from the measured DBH in the field, corrected by 26 bark thickness ( Figure S4 ). The age of the hollow fraction was then estimated by its diameter using 27 the age-diameter growth model (Eq. 1). The cumulative diameter growth of these individuals 28 started at the estimated age of the hollow trunk diameter. Based on the measured ring-width 29 averaged across the analyzed cores cumulative diameter growth was reconstructed, adjusted forestimates caused by irregular shapes of hollows or eccentricity of the pith were reduced by 1 averaging two to four radii for each individual ( Figure S4 ). The procedure was performed for all 2 living and dead trees. Only for the largest tree from USDR with a DBH of 175 cm, we were not 3 able to estimate the age of the large hollow trunk section (diameter of 145 cm) as no other 4
individual from this site presented a DBH larger than 93 cm. To estimate the age of this individual 5 we used a linear regression model based on the MDI of this individual. The general dissimilarity coefficient calculated from Gower's formula (Gower, 1971) , was 28 used to estimate the dissimilarity between years using tree-ring widths per study site, by using the MDI between equal periods inside each area and between areas, we first performed Shapiro-Wilk 13 normality tests to proceed with the Wilcoxon rank-sum test for non-parametric datasets or t-tests 14 for parametric ones (R Core Team, 2018). 15 
16
Determination of the date of death using 14 
C dating 17 18
We dated the year of death for 41 trees (only those with intact outermost rings), 13 from 19 JNP e 28 from USDR. The year of death was determined by comparing the radiocarbon ( 14 C) 20 content of cellulose extracted from the outermost (final) ring of each sample with the atmospheric 21 record of 14 C in the southern hemisphere. Cellulose was isolated from bulk wood using the Jayme-22
Vise method (Green, 1963; Axel Steinhof, 2013) The age-DBH model for living and dead, hollow and non-hollow trees demonstrates that 4 the growth trajectory is similar in both areas, although the trees at the USDR presented a higher 5 variability in diameter growth ( Figure S6 ). At both sites, the cumulative DBH is highly correlated 6 to the total ages (r=0.97 and R 2 = 0.95 for JNP and r=0.96 and R 2 = 0.92 for USDR). 7
The MDI-pattern to pass through 5-cm diameter classes is well defined for the population 8 at the USDR showed no differences for the pre-dam periods P1 and P2, but significant differences 4 between pre-dam periods and the post-dam period P3. For the JNP-population, no differences 5 between any periods were observed. Comparing the populations between USDR and JNP, we 6 found significant differences for the period P3 which reflect the period of intensification of the 7 hydrological cycle induced by the implementation of the Balbina dam leading to increased 8 minimum water levels (USDR) (Assahira et al., 2017) and by increasing maximum water levels at 9 the JNP associated by oceanic forcing (Barichivich et al., 2018) (Table S2) . 
10
Discussion 11
12
The tree species E. tenuifolia growing at harsh environmental conditions in the highly 13 flooded and oligotrophic igapó reach high tree ages. The oldest living tree was found at the USDR 14 with a DBH of 175 cm, but its age had to be estimated by a linear regression due to the large 15 hollow trunk section. Considering the individual MDI of 2.15 mm this tree was estimated to be 16 over 800 years old, although the slow growth pattern in the first classes (1.50 mm for USDR living 17 trees) was not accounted, what could substantially increase its age. This estimate is much higher 18 than former indicated maximum ages for tree species in this ecosystem with 502 years for a M.acaciifolium individual from the igapó forests of the Amanã Lake, Central Amazonia, using linear 1 models to estimate the hollow part of the trunk (Schöngart et al., 2005) . 2
Retrospective analyses performed in this study combining tree-ring analyses, radiocarbon 3 dating, and analysis of long-term hydrographic data allows us to get more insights into the 4 ecological processes in this oligotrophic igapó characterized by low dynamical processes and the 5 growth dynamics of the populations. Growth anomalies seem to be more frequent at the disturbed 6 igapó site compared to the pristine conditions (JNP) but are more restricted to the post-dam 7 conditions at the USDR. Although MDI was slightly higher at the USDR, similar trends in growth 8
rates were recorded for both study areas, which demonstrates an ontogenetical resemblance. 9
However, analyzing the growth patterns shows some interesting differences among the study sites. 10
Tree growth at the JNP was less variable compared to the USDR site and only some individuals 11 indicated major changes in diameter growth leading to isolated release and suppression events. many tree species switch the metabolism from aerobic to anaerobic pathways to maintain basicmust renew those by photosynthesis and mobilization, but the occurrence of droughts as a 3 consequence of reduced rainfall, high temperatures and increased VPD might limit the NSC 4 recover during the terrestrial phase which is the growing season in the Amazonian floodplains 5 (Schöngart et al., 2002) . A recent study performing stable carbon (δ 13 C) and oxygen (δ 18 O) isotope 6 analyses of tree rings at an intra-annual resolution suggest for M. acaciifolium that local climate 7 conditions (temperature, cloud cover, precipitation, dry season length) may reach increasingly 8 stressful levels affecting growth performance by increasing leaf-to-air VPD leading to stomatal 9 closure and leaf water enrichment (Cintra et al., 2019) . In consequence, the tree might die due to 10 carbon starvation. 11
Interestingly, the mortality of the trees at the USDR during the period of dam 12 implementation occurred abruptly for the majority of analyzed trees, without a long growth decline 13 Oliver & Larson, 1996; Veblen, 1986) . In comparison to the 22 terra firme environments, the mortality triggers in the igapó floodplains may be different as it also 23 was observed for tree growth (Schöngart et al., 2004 (Schöngart et al., , 2010 Cintra et al., 2019) . 24 We conclude that alterations in the hydrological regimes caused by climate and land-use 25 changes and synergies between those are affecting the macrohabitats dominated by E. tenuifolia . 26 This possibly endemic tree species from the igapó is extremely sensitive and vulnerable to both, 
